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Abstract—Public safety incidents typically involve significant
amount of group traffic and have a stringent requirement on
connection reliability. Hence multicast could potentially improve
network and user performance significantly. Towards this goal, in
this paper we investigate Long-Term Evolution (LTE) Multicast
Broadcast Single Frequency Network (MBSFN) from the per-
spectives of throughput, resource efficiency, sources of MBSFN
gain, and outage. Firstly, we derive a realistic MBSFN Signal-
to-Interference-plus-Noise Ratio (SINR) analytical model, with
multiple antennas, multipath channel, and equalizer considered.
Secondly, we develop an MBSFN system level simulator as
well as a simulation platform to compare unicast and MBSFN
performance. Thirdly, we perform comprehensive simulations
on the metrics under study. Through simulations, we discover
that while unicast may achieve higher information bits/symbol,
MBSFN provides higher throughput, and MBSFN throughput
increases with MBSFN area size. We then quantify the MBSFN
SINR improvement due to diversity combining and interference
reduction, respectively. Furthermore, we show that compared
with unicast, MBSFN improves outage probability significantly,
which is essential for public safety incidents. Finally, we show
that all the above MBSFN performance improvements apply to
different MBSFN area sizes, even when the MBSFN size is one
cell.

Index Terms—Public safety, LTE, MBSFN, SINR analytical
model, outage probability, resource efficiency.

I. INTRODUCTION

Public safety mission is essential to protect citizens’ lives
and properties, and effective communications among first
responders during public safety incidents is crucial. Com-
pared with commercial traffic, public safety incidents typi-
cally involve significant amount of group traffic among first
responders [1], including traffic intensive applications, such as
mission critical video. Using traditional point-to-point unicast
transmission at physical (PHY) layer to serve this type of
traffic would require significant amount of spectrum, and
sometimes lead to severe network congestion. With the above
in mind, using multicast to serve public safety traffic has been
put on the table, and Multicast Broadcast Single Frequency
Network (MBSFN) in Long-Term Evolution (LTE) is one
candidate due to its multicast nature and potential Signal-to-
Interference-plus-Noise Ratio (SINR) improvement especially
at cell edges [2] [3].

From a technology perspective, while MBSFN was devel-
oped in LTE and uses Single Frequency Network (SFN), SEN
itself was not new and had been investigated decades ago
for classical broadcast technologies, such as Digital Audio
Broadcasting (DAB) and Digital Video Broadcasting (DVB)
[4] [5]. These early works demonstrated that SFN could
improve coverage and spectrum usage.

While both LTE MBSFN and classical broadcasting tech-
nologies use SFN, LTE MBSFEN operates under LTE archi-
tecture and follows LTE protocol stacks. System performance
is hence different, which triggered studies of LTE MBSFN
in recent years from various perspectives. In [6], the authors
first derived an analytical expression for SINR at a given point
in a cell, then evaluated MBSFN performance under different
Modulation and Coding Schemes (MCSs), the length of cyclic
prefix, and the impact of shadowing. In [7], the authors
extended the work in [6] to femtocell and compared single cell
transmissions with multicell transmissions. None of the above
work considered multiple antennas at the transmitter side or
the receiver side. These multiple antennas allow multiple-input
and multiple-output (MIMO) in unicast, which is one major
technology that made LTE successful. In addition, the per-
formance between MBSFN and unicast are compared in [8],
where the authors used average MCS for all user equipments
(UEs) for performance calculation. In [9], the authors proposed
an optimal UE grouping algorithm in MBSEN, where the UEs
were associated with the same MCS in unicast and multicast
transmissions. As shown in our previous work [10], this is not
always the case. MCSs could be different for different UEs,
and MCSs used for unicast and multicast could be different
for the same UE as well.

In this paper we investigate LTE MBSFN from the per-
spectives of throughput, resource efficiency, MBSFN gain, and
outage. Unlike commercial broadcasting in a large deployment
area, public safety incidents could vary in size and happen
within a small area. Therefore we also consider small MB-
SEN areas. Specifically, we first derive an SINR analytical
model for MBSFEN. Different from others’ work, multiple
antennas, multipath channel, and equalizer are considered.
The resulting model is hence more realistic and accurate.
Next, by closely following the 3rd Generation Partnership
Project (3GPP) standards, we implement the MBSFN SINR
model and develop an MBSFN system level simulator as well
as a simulation platform to compare unicast and MBSFN
performance. Different from others’ work, here SINR values in
unicast and MBSFN are calculated separately based on their
unique models. The high fidelity MBSFN Block Error Rate
(BLER) curves and Channel Quality Indicator (CQI) switch
points from our previous work [10] are also employed for
PHY abstraction. Then, through comprehensive simulations,
we show that although unicast may have higher resource
efficiency in terms of information bits/symbol, MBSFN would
provide higher throughput since it uses the full bandwidth in
each transmission that serves all first responders, while in uni-
cast resources are shared among first responders. Simulation



results also confirmed that larger MBSFN area size would
increase MBSFN throughput due to higher MBSEN diversity
combining gain and less interference. We further quantify
MBSEFN SINR improvement from diversity combining and
interference reduction, respectively. The results show that
while at cell edge they are comparable, at cell center the
gain from interference reduction dominates and is significantly
higher. However, the large SINR gain at cell center would
not improve performance significantly due to MCS cap and
lack of MIMO support for MBSFN. Finally, simulation results
show that compared with unicast, MBSFN improves outage
probability significantly, which is essential for public safety
incidents. The above MBSFN performance improvements hold
even when the MBSFN area size is one cell, which applies to
the case when the public safety incident area is small.

The rest of the paper is organized as follows. In Section II
we briefly describe unicast and MBSFN details as specified
in 3GPP that are relevant to our analysis. In Section III we
derive the SINR analytical model for MBSEN. In Section IV
we describe our simulation design, together with simulation
results and analysis. In Section V we summarizes our findings.

II. REVIEW OF UNICAST AND MBSFN IN LTE

In this section we review unicast and MBSFN as specified
by 3GPP, with emphasis on factors that have direct impacts
on our analysis. The public safety broadband network Band
14 (B14) 10 MHz bandwidth Frequency Division Duplexing
(FDD) is used as an example [11], with a focus on downlink.

A. LTE Overview

3GPP specifies Orthogonal Frequency-Division Multiple
Access (OFDMA) for LTE downlink, and Cyclic Prefix (CP)
is used to avoid Inter-Symbol Interference (ISI) [12]. Both
normal CP and extended CP are specified. While the normal
CP is used in typical LTE deployments to achieve high data
rate, the extended CP is used in special cases such as in very
large cells and MBSFN. In this paper, normal CP is used in
unicast analysis, and extended CP is used for MBSFN.

For FDD, 3GPP defines frame structure type 1 [13], where
one radio frame is 10 ms in duration and divided into 10
subframes. The smallest time-frequency unit for downlink
transmission is a resource element (RE), which consists of one
Orthogonal Frequency Division Multiplex (OFDM) subcarrier
for a duration of one OFDM symbol. Transmissions can be
scheduled by Resource Blocks (RBs) [14], and data is carried
in Transport Blocks (TBs), which are passed from the Media
Access Control (MAC) layer to the PHY layer once per
Transmission Time Interval (TTI) which is 1 ms.

UEs report channel quality back to eNodeB using different
sets of CQI indices for different MCS sets the network may
deploy. In this paper, we consider the MCS set of Quadrature
Phase Shift Keying (QPSK), 16 Quadrature Amplitude Mod-
ulation (QAM), and 64QAM. The corresponding CQI indices
and their interpretations are given in Table 7.2.3-1 in [13].

B. LTE Unicast Review

For unicast, RB is the basic unit when allocating resources.
To improve data rate and robustness, LTE unicast utilizes
MIMO technology such as transmit diversity, spatial mul-
tiplexing, and beamforming. Accordingly, 3GPP defines 10
transmission modes (TMs) and could support up to 8 layer
transmissions using TM9 [14], which is the transmission mode
used in this paper. In addition, since Hybrid Automatic Repeat
Request (HARQ) is specified for unicast transmissions, in this
paper the target BLER is selected to be 10 %.

C. LTE MBSFN Review

In MBSEFN, data is transmitted from multiple cells to the
destination UE, as shown in Figure 1. All cells involved are
tightly synchronized and transmit the same content over the
same subcarriers using the same waveform. These cells form
a so-called MBSFN area. To avoid ISI, the transmissions from
different cells are targeted to arrive at the UE within CP at
the start of the symbol. Hence 3GPP specifies the extended
CP for MBSEN. From the UE perspective, the UE could treat
all the transmissions from MBSFN area in the same way as
multipath components of a single cell transmission, and the
SINR could improve especially at cell edge. Note that the
SINR improvement comes from two folds. One is the diversity
combining gain from multiple signal sources. Another is the
reduction of inter-cell interference - the transmissions from
additional MBSFN cells are now turned into constructive
signals instead of inter-cell interference. In Section IV-C, we
will quantify the SINR improvement from these two folds.

same content, same subcarriers
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Fig. 1. MBSFN Transmission [15]

The composite channel from multiple cells in MBSFN
requires a separate channel estimation from that performed
from a single cell. 3GPP hence defines MBSFN subframe that
carries MBSFN reference signals. MBSFN data is transmitted
in MBSFN subframes only while unicast data is transmitted
in non-MBSFN subframes, and MBSFN subframes and non-
MBSFN subframes are interleaved in time. In addition, out
of the 10 subframes within one radio frame, subframe O,
4, 5, and 9 carry control information that is essential for
network operation, such as paging occasions [14]. These four
subframes are hence reserved for unicast transmissions and
cannot be configured as MBSFN subframes. Therefore, there
are at most six subframes available for MBSFN transmissions,
or 60 % of the total resources.



3GPP also specifies that a single TB is generated per TTI for
multicast channel (MCH) and uses all the MBSFN resources in
that subframe [16] (e.g. 50 RBs for public safety band B14). In
addition, no transmit diversity scheme is specified, and MCH is
mapped on a single layer spatial multiplexing. Hence MBSFN
could not take advantage of MIMO technologies. Furthermore,
given its multicast nature, 3GPP specifies no radio link control
retransmissions and no HARQ for MBSFN. Hence, in order to
deliver acceptable service to upper layers, lower target BLER
is typically used for MBSFN. In this paper we use 1 %.

ITI. MBSFN ANALYTICAL MODEL

In this section we derive an analytical model for MBSFN
SINR, considering multiple antennas, multipath channel, and
equalizer. We then convert it into Additive White Gaussian
Noise (AWGN) equivalent SINR, which will later be fed into
system level simulations.

A. MBSFN Networks

Consider a regular hexagonal network with three sectors
per cell, as illustrated in Figure 2, where the numbers are
cell identifiers (IDs). Let Z denote the set of cells under
consideration, and N denote the total number of cells in set
7. Index these N cells such that the first Ny cells are cells
that participate in MBSFN transmissions within the MBSFN
area (cell 1 to 21 in Figure 2), and denote them by set
Iy = {1,2,--- , Nm}. Consequently, the cells with indices
among Ny +1,--- , N are the cells that do not participate in
MBSEN transmissions (the cells that are not assigned an ID in
Figure 2). Denote them by set Z; = {Ny+1, Ny+2,--- , N},
where its size Ni, = N — Ny. All cells have the same number
of transmit antennas N1y, and all UEs have the same number
of receiver antennas Ngy.
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Fig. 2. Network Layout with Cell ID

Consider a UE within the MBSFN area. As shown in
Figure 1, let d; denote the distance between MBSFN cell
1 € Iy and the UE, while MBSEN cell k € Zy; be the cell that

is closest to the UE. As mentioned previously, in MBSFN, all
MBSEN cells are tightly synchronized and transmit the same
content simultaneously at the same subcarriers. Use the first
signal received from cell £ as the reference signal, and align to
it all signals received after, including those from other MBSFN
cells. Then the signals from cell ¢ incur delay 7; [6] [4]:

T = M’ (1)

5
where s is the speed of light. Note that given the relatively
long CP length and signal frame - 16.67 us for the extended
CP length and 66.67 us for the signal frame per 3GPP - the
delays from different paths from the same cell ¢ are not further
differentiated, and are all approximated by the same ;.

The constructive and destructive portions of the signal from
cell 4, i # k (i € Iy) can be captured by weight function w;
and 1 — w;, respectively, where w; is as below [6] [4]:

1 when 0 < 7; < Tcp
» — T
w; = 1—% when Tep < 7 < Tep + Ty (2)
u
0 otherwise

where Tcp is the extended CP length defined in 3GPP for
MBSEN, and T, is the length of the useful signal frame.

Note that the destructive portion leads to ISI for the next
symbol.

B. RE Level SINR

As mentioned in Section II, 3GPP specifies that a single TB
per TTT is used for MBSEN transmission, and this TB uses all
resources in that subframe. Let Ngg denote the total number
of REs within one MBSFN subframe, and index the REs by
c=1,2,---, Ngg. Then the (Ngx X 1)-element UE received
signal vector at RE ¢, denoted by y°, can be expressed as

Yo=Y VuPfH "1y, 2

i=Im

+ > (= w)PEH Ny,

i=Im

+ > VEHSOW x4 n, 3)

=7,

where x,,, is the MBSFN transmit signal, =, is the previous
MBSEFN transmit signal; x; is the (N1x X 1)-element transmit
signal vector from cell [, I € Z;, (i.e. | ¢ Zy); Pf and Pf
(¢ € Iy, | € 1) are the signal powers from cell 7 and [ at RE ¢
after taking into account path loss and shadowing but without
small-scale fading, respectively; H (i) and H®O), (t € Im,
l € 71) are the (Ngrx X Nry)-element matrices representing
the frequency domain channel gains from cell ¢ and [ to the
UE at RE ¢, respectively; W) s the (Ntx X N1x) channel
precoding matrix used by cell [ on RE ¢, | € Zp; 1, is
(Ntx x 1) column vector with all elements being 1; and n°
represents thermal noise with zero mean and variance 0%
The first term in Eq. (3) represents the constructive portion
of the signal. The second term represents the ISI from the



destructive portion of the previous transmit signal, where the
channel experienced by this destructive portion is approxi-
mated by the channel experienced by the current signal. The
third term represents interference from the non-MBSFN cells.
And the last term represents the thermal noise. Note that all
MBSEFN cells and all transmit antennas at each MBSFN cell
transmit the same signal. Hence z,, applies to all MBSFN
cell : = 1,--- , Nm and each of their transmit antennas. x,,
is hence essentially a scalar.
Define

¢ = [‘ /wlpch(l,c)7 e /wNMP]%MH(NM,C):I I(NTX)(NM)a
4)
where 1( Nrx) (M) 18 (N1x - Ny X 1)-element column vector with
all elements being 1. Then:

Num
Y =gz + ) \J(L—w) PPH 1y 2,
=1

N
+ Y VPEHR WSy, e, (5)

I=Ny+1

Eq. (5) shows that the system could be viewed as a Single
Input Multiple Output (SIMO) system, with signals from
transmit antennas of all MBSFN cells being treated as the
same transmit signal from different paths. We could hence
apply zero-forcing receiver

fo=1a"a 1 @)™, (©6)
where the superscript ()7 represents conjugate transpose.

Then the post-equalization received signal becomes

,r(: — fcyc (7)
Num
=Tm + 21 [(1 — w;)PEfCH Sy,
=1

N
+ > VPHSOW Sy + font. (8)

I=Ny+1

The post-equalization SINR for RE ¢ can then be calculated
as below:

Num
" = (Zu ) P 1 )

i=1

N —1
oY PlCHfCH(l’C)W(l’C)”Q‘f‘||fc||2012v> ©9)

I=Npy+1
C. AWGN Egquivalent SINR

In our analysis, Mutual Information Effective SINR Map-
ping (MIESM) based PHY abstraction is employed to link
system level simulation and link level simulation [17]. Let
fm(+) be the Bit-Interleaved Coded Modulation (BICM) ca-
pacity of modulation alphabet m that is associated with the
MCS m. Then, across all Ngrg REs used for the MBSFN TB

transmission, the equivalent SINR over AWGN channel for
modulation m is:

Ym = fn_zl [1 %fm(vc)] .
Nre

This AWGN equivalent TB SINR +,,, together with the
AWGN BLER curves, target BLER 1 %, and CQI switching
points [10], is used for MCS selection and CQI reporting in
system level simulations, as well as packet loss determination
when the UE receives a packet.

(10)

IV. SIMULATION DESIGN AND RESULTS
A. Simulation Design

The simulation flow chart is illustrated in Figure 3. For
comparison purpose, there are two branches, one for unicast
and one for MBSFN. Both are run for the same scenario
settings. The unicast branch follows Vienna system level
simulator [17]', with TM9 selected. The MBSFN branch
utilizes the analytical model derived in Section III. Due to
the stringent requirement on transmission reliability in public
safety incidents, the minimum MCS among first responders is
selected for MBSFN transmissions.

Scenario Settings

Unicast Multicast

Scenario 2,3.4.6 Scenario 5

Calculate equivalent
RB SINR

Calculate
equivalent RB SINR

Calculate

equivalent RB p f
Calculate optimal RI that SINR g;:ethEg,:lgg:;?
achieves the highest with MBSFN gain e B
possible throughput

!

Map to TB SINR and
select the best CQl

Select best CQIl based
on MBSFN BLER curve

UE reports RI, CQl,
and PMI to eNodeB

based on unicast
BLER curve

UE reports RI, CQlI,
and PMI to eNodeB
eNodeB allocates

RBs to UE

eNodeB allocates the
whole subframe for
multicast data

l

UE Receives Data

Fig. 3. Simulation Flowchart

The network simulated is a regular hexagonal network
with three sectors per cell, as shown in Figure 2, where
the numbers are cell IDs and outer rings are included to
simulate interference. Public safety band B14 is selected and
consider 8 x 4 MIMO configuration. Channel models used are
the urban and rural models defined by 3GPP [18] for path
loss, Claussen model for shadowing [19], and International
Telecommunication Union (ITU) PedB, VehA, and VehB for
small scale fading, with speed 10 km/h, 30 km/h, and 120 km/

! Any mention of commercial products in the paper is for information only;
it does not imply recommendation or endorsement by National Institute of
Standards and Technology.



h, respectively. Inter-site-distance (ISD) studied are 500 m,
1299 m, and 1732 m. Later we use urban ISD1299 VehA to
denote urban path loss, ISD 1299 m, and VehA with speed 30
km/h. Other channel notations can be explained similarly. The
number of runs and TTIs are chosen to capture statistically
stable results.

Table I summarizes the six scenarios simulated for perfor-
mance analysis, where scenario 5 is designed for MBSFN gain
analysis used in Section IV-C and will be described there.
The scenarios with different MBSEN area sizes are illustrated
in Figure 4, where each color represents a tri-sector site and
different color transparency shows different cells within a site.
Note that scenarios 2 to 4 have small MBSFN areas to cover
public safety incidents with small areas, and scenario 6 has
a large enough MBSFN area to cover public safety incidents
with large areas.

TABLE 1

SIMULATION SCENARIOS
Scenario Transmission
1 Unicast
2 MBSEN area: cell 1
3 MBSEN area: cell 1-2
4 MBSEN area: cell 1-3
5 MBSEN area: cell 1-21, No Signal Combination
6 MBSEFN area: cell 1-21

MBSFN Area of 1 Cells MBSFN Area of 2 Cells

500 500
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MBSFN Area of 3 Cells

MBSFN Area of 21 Cells

500

4 < 4 l
E :
2 0 « “FERE o «
o . .
= -l

< : 4

-500 # 2
-500 0 500
X pos [m]

Fig. 4. MBSFN Deployment Scenarios

B. Resource Efficiency and Throughput

In this section we investigate resource efficiency for unicast
and MBSFN as well as throughput experienced by first respon-
ders. For resource efficiency, the metric studied is information
bits/symbol as in Table 7.2.3-1 in [13]. For unicast, in case
there is more than one layer from spatial multiplexing, there
are two codewords. Information bits/symbol is then the sum
of bits/symbol from both codewords.

Scenario 1, 2, 3, 4, and 6 in Table I are simulated for
this study, and 10 UEs are dropped uniformly within cell

1. Urban ISD1299 VehA channel is employed, proportional
fairness is applied for scheduler, and 50 runs are performed.
The resulting cumulative distribution function (CDF) of UE
information bits/symbol is shown in Figure 5, where each UE
contributes one sample. UE bits/symbol is calculated as the
average bits/symbol over total resource units. Specifically, for
unicast, it is averaged over all RBs and 300 TTIs. For MBSFN,
it is averaged over all TTIs as a single TB is used per TTI
(Section II).

8 x 4, Urban ISD1299 VehA
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Fig. 5. Unicast vs MBSFN - Information Bits/Symbol

As expected, Figure 5 shows that larger MBSFN size leads
to higher bits/symbol. This is because a larger MBSFN area
implies more cells participating in MBSFN transmissions,
hence the higher diversity combining gain, the less destructive
interference, and the higher bits/symbol (Section III).

In addition, Figure 5 also shows that unicast has larger
spread. The higher bits/symbol values come from multi-layer-
transmissions due to spatial multiplexing in TM9 while the
lower values are due to the lack of diversity combining gain.

Nevertheless, the possible higher bits/symbol of unicast
does not necessarily imply higher throughput. The CDF of UE
throughput from the same simulations is plotted in Figure 6.

Figure 6 shows that although unicast may have higher
resource efficiency for individual UEs, MBSFN always has
higher throughput. This holds even when the MBSFN area size
is one cell. The reason is that in MBSFN each transmission
serves all UEs and utilizes all RBs, whereas in unicast each
transmission serves one UE and could use only a fraction of all
RBs (10 UEs share the total RBs in each run). The more UEs
being served, the less RBs each UE gets, and the less resulting
throughput. Note that as mentioned in Section II, only 60 %
of subframes are used in MBSFN. That is, MBSFN achieves
higher throughput with only 60 % of the resources.

Figure 6 also shows that a larger MBSFN area leads
to higher throughput. As with the previous analysis, this
is because a larger MBSFN area leads to higher diversity
combining gain and less destructive interference, and hence
higher throughput.

Similar simulations were run for additional channels, and
Table II lists the differences in median throughput between
MBSFN and unicast, with unicast median throughput as the
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Fig. 6. Unicast vs MBSEN - Throughput

reference point. It can be seen that the trend of higher
throughput with larger MBSFN size holds for all channels,
and the median throughput delta between unicast and MBSFN
can exceed 3 Mb/s.

TABLE II
THROUGHPUT DELTA BETWEEN UNICAST AND MBSFN (MB/S)
MBSEN area size 1cell | 2cells | 3cells | 21 cells
Rural ISD1299 VehB 0.5 0.6 0.6 3.1
Rural ISD1732 VehB 0.6 0.8 1.0 2.8
Urban ISD500 PedB 0.5 0.8 0.9 2.0
Urban ISD500 VehA 0.6 0.8 1.0 2.1
Urban ISD1299 VehA 0.1 0.3 0.6 2.3
Urban ISD1299 VehB 0.1 0.4 0.7 2.3

C. Sources of MBSFN Gain

As mentioned in Section II, the performance enhancement
of MBSFN mainly comes from two sources: the diversity
combining gain from multiple signal sources (cells), and the
reduction of inter-cell interference. In this subsection we
quantify the contribution of these two sources to MBSFN
TB SINR incurred by a random UE (Equation 10). Note that
the TB SINR for a UE directly reflects the physical channel
experienced by the UE and is used for MCS selection. Hence
it reflects the upper bound of the achievable throughput for
the UE, and impacts its actual throughput as well.

For this purpose, the test scenario 5 is designed. In its SINR
calculations and except for cell 1, power from other MBSFN
cells is not included into neither the signal portion nor the
interference portion. Hence, compared with scenario 2, inter-
cell interference is removed. And compared with scenario 6,
there is no diversity combining gain.

All these three scenarios - scenario 2, 5, and 6 - are
simulated for 1000 TTIs, and UEs are dropped to cover the
entire cell 1 (refer to Figure 4). Figure 7 plots the sorted
MBSFN TB SINR in scenario 2, together with MBSFN gains
from interference reduction, diversity combining, and the sum
of both, respectively. Since the data is sorted by TB SINR,
low UE index range maps to cell edge, and high UE index
range maps to cell center. It can be seen that from cell edge
to cell center, while the diversity combining gain decreases, the
gain from interference reduction increases significantly. This

is because the power from other MBSFN cells decreases when
going from cell edge to cell center. Whereas at cell edge the
two gains are comparable, around 5 dB, at cell center the gain
from interference reduction dominates and the overall gain
could be as high as around 20 dB. Unfortunately, this big
SINR improvement at cell center would not lead to significant
performance improvement due to the cap of the highest MCS
(refer to Table I in [10]) and lack of MIMO technologies
(Section II). Note that from the CQI switching points in the
table, the maximum CQI 15 can be achieved when SINR is
20.5 dB or above, which can be achieved at cell center without
the SINR improvement (the TB SINR in scenario 2). Figure 8
shows MBSFN TB SINR with UE locations, which further
verifies the above analysis.
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Fig. 8. TB SINR with UE Position

D. Outage Probability

In this subsection we quantify improvements in outage prob-
ability generated by using MBSFN. Consider a UE dropped
randomly at a cell at a random time and being allocated
a random resource chunk. In unicast, the resource chunk
considered is five RBs, while in MBSFN it is one subframe.
The outage probability considered in this paper is defined as
the probability that the information bits/symbol of this UE is
below a threshold.

To capture this outage probability, for each scenario listed in
Table I except scenario 5, UEs are dropped to cover the entire
cell 1, and simulations are run for 2000 TTIs. The resulting
outage probability as a function of the threshold is plotted in
Figure 9. The figure shows a significant decrease in outage
probability when using MBSFN for all MBSEN sizes studied.
As with the previous analysis, this is because of diversity
combining and interference reduction in MBSFN. The larger



the MBSFN area size, the smaller the outage probability is.
For example, when the threshold is 1 bit/symbol, the outage
probability for unicast is around 4.5 %, while for MBSFN it
is less than 0.2 % for MBSFEN area sizes of 1 to 3 cells, and
0 % for 21 cells. Note that the significant decrease in outage
probability holds even for an MBSFN area size of one cell.
Table III shows the achievable information bits/symbol
when the outage probability is 2 % and 5 %, respectively. With
the same planned outage probability, the table also shows a
significant increase in achievable bits/symbol from unicast to
MBSEN. Due to quantization, the bits/symbol is the same with
MBSEN area size of 1, 2, and 3 cells. While with area size
of 21 cells, the achievable bits/symbol is significantly higher.

TABLE III
INFORMATION BIT/SYMBOL WITH OUTAGE PROBABILITY
Scenario | 1 2 3 4 6
2 % 0.83 1.91 1.91 1.91 | 3.32
5 % 117 | 147 | 147 | 147 | 452

o
N}
l

Scenario 1: single-cell Unicast
0.18 Scenario 2: single-cell MBSFN

Scenario 3: 2-cell MBSFN

Scenario 4: 3-cell MBSFN
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0.14

e
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Fig. 9. Outage Probability with Threshold

V. CONCLUSION

To meet first responders’ communication requirements, in
this paper LTE MBSFN and unicast were investigated from the
perspectives of throughput, information bits/symbol, sources
of MBSFEN gain, and outage probability. First, we derived
an accurate MBSFN SINR analytical model. Then, through
comprehensive MBSFN and unicast simulations, we showed
that although the physical channels in unicast may be more
efficient with higher information bits/symbol, MBSFN would
provide higher throughput since the resources are not shared
among UEs as in unicast. We also validated that a larger
MBSEN area size would increase the MBSFN throughput
due to higher MBSFN diversity combining gain and less
interference. We further demonstrated that SINR improvement
due to MBSFEN diversity combining gains and interference
reduction are comparable at cell edge, while the high MBSFN
SINR improvement at cell center does not lead to significant
performance improvement due to MCS cap and lack of MIMO
support for MBSFN. Finally, compared with unicast, MBSFN
improves outage probability significantly, which is essential

for public safety incidents. All the above results hold not only
for large MBSFN area sizes as in commercial networks, but
also for small MBSEN area sizes, which cover cases where
the incident area is small.

Since resource sharing is one major factor that limits unicast
performance, our next step is to investigate the impact of num-
ber of first responders on MBSFN performance improvement
over unicast. In addition to throughput, we will introduce other
performance metrics as well, such as flight time, and further
investigate the trade-offs between unicast and MBSFN.
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